Abstract To study the characteristics and changes in the total Oswestry Disability Index (ODI) and in its ten component items in female and male patients preand post-surgery for lumbar disc herniation. Ninetyeight patients [mean (SD) age 43 (13), 61% males] undergoing lumbar disc herniation surgery were selected for this clinical 12-month follow-up. Subjective disability and back and leg pain were assessed by ODI version 1.0 and the visual analog scale. Pre-operatively females had a significantly higher mean (SD) total ODI [59(3)] than males [51(2)] (P = 0.030). Females were more disabled in the walking, sex life, social life and travelling items of the ODI compared to males. The total Oswestry decreased by 38 (95% CI -44 to -31) in females and by 34 (-39 to -30) in males at the 1-year follow-up. Most of the improvement (88% in females and 80% in males) occurred during the first 6 weeks; thereafter the changes were minor. In males the changes were greatest in pain, social life and travelling and in females in walking, social life and travelling. Internal consistency value of ODI was 0.88 (95% CI 0.82-0.91). Item analysis of the ODI showed that all the items except pain had high corrected item correlation. As recovery following lumbar disc surgery occurred to a great extent during the first 6 weeks, the early post-operative outcome appears to be quite a reliable indicator of the overall post-operative outcome over the 1-year follow-up. The ODI proved to capture a wide range of disability in these lumbar disc surgery patients, thereby supporting the future use of the index. The ''pain intensity'' component, which collects data on the use of painkillers in version 1.0 of the ODI did not support the item structure of the index in this study. The use of ODI version 2.0 might remove this problem.
Introduction
Surgery for herniation of a lumbar disc is the most common spinal operation. In the early post-operative stages (up to 12 months) success rates over 90% have been reported [11, 14] . When the follow-up time has been longer, from 7 to 11 years, 76-93% of patients have shown good results [9, 16, 18, 23, 26] .
Assessment of the results of lumbar disc herniation surgery is complicated by the nature of the disorder and the goals of the surgery. Pain and disability may persist despite the fact that radiology and neuroimaging indicate that the operation has been successful [3] . Therefore, assessment of the outcome has undergone a shift from the earlier predominant reliance on radiological or biochemical measures, or from ratings performed by the treating physician to the patient's own perception [2] . A variety of instruments have been applied to measure the patient's view of his/her health and or ability to perform activities of daily living (ADL) [1] . Usually these include ratings for pain, disability in everyday activities, work-capacity and quality of life [6] . Such measures are indispensable, as they assess the factors that will, ultimately, determine whether the patient is able to resume a normal working and social life, or will, instead, continue to make use of the healthcare resources available [17] . Another important question is whether the improvement in a patient observed by repeated measures is clinically relevant.
The disease-specific questionnaires in back surgery are the Oswestry Disability Index (ODI) [8] and the Roland-Morris disability Questionnaire (RDQ) [21] . Both are short, concise questionnaires, easy to use in clinical practice, and patients need approximately 5 min to complete the survey. Of the two, ODI is the most often used. It has also been shown to be valid and responsive to changes in clinical status [20] . In all the earlier studies, associations between various clinical variables with patient self-reports have usually been reported as associations with the total ODI, and therefore little is known about the status of and changes in individual dimensions of the disability index. Therefore, the main purpose of this prospective study was to evaluate changes in the total ODI and also in its ten dimensions in male and female patients preand post-lumbar disc herniation surgery on a 1-year period. In addition, the properties of the ODI were studied.
Methods

Subjects
One hundred and forty-five patients received surgery for lumbar disc herniation in Jyvä skylä Central Hospital in 2003 according to the method described by Wood and Hanley in 1991 [25] . Twenty-six were excluded due to previous back surgery and 21 patients failed to fill in either the pre-operative or post-operative questionnaire. The final homogeneous study group consisted of 98 (82%) virgin lumbar disc herniation patients. The patients varied in age from 17 to 81 years.
Before surgery, in the department of orthopaedics, the subjects were asked to complete a questionnaire that contained items on both demographic characteristics and on the duration and intensity of back and leg pain. The post-operative outcome was assessed at 6 weeks and at 12 months. Back and leg pain was assessed with the visual analogue scale (VAS, 0-100 mm) [7] .
The degree of disability during the past week was assessed with the Oswestry Low Back Pain Disability Questionnaire (ODI), version 1.0, which is divided into ten items designed to assess multiple aspects of disability with respect to pain: pain, personal care, lifting, walking, sitting, standing, sleeping, sex life, social life, travelling [8] . Each ODI item is scored on a 0-5 scale, with 5 representing the greatest level of disability. The scores for all items are then summed to give a score out of 50. The total score is then doubled and expressed as a percentage. If a patient marks two statements to a single item, the higher of the two is recorded. If a section is not completed because it is inapplicable, the final score is adjusted to obtain a correct percentage. Disability in this study is defined as an umbrella term for impairments, activity limitations and participation restrictions according to the WHO's International Classification of Functioning, Disability and Health (ICF) [24] .
Statistical analysis
The results are presented as means with standard deviations, standard errors or 95% confidence intervals. The multiple imputation (Markov chain Monte Carlo) method was used to fill in missing values for individual items of the ODI. Statistical comparisons between the sexes were made by using the t test or permutation test. Internal consistency was estimated by calculating Cronbach's alpha with 95% confidence interval obtained by bias corrected bootstrapping (1,000 replications). The corrected item correlation for the individual items of the ODI was calculated by using a polyserial correlation coefficient.
Results
Pre-operative demographic and clinical characteristics were similar between the sexes except for higher back pain in females ( Table 1 ). The decreases in back and leg pain were more prominent from the pre-operative level to 6 weeks post-operatively in females compared to males (P = 0.016 and P = 0.003). At the 1-year follow-up the changes from 6 weeks were minor, and the gender differences had disappeared.
Pre-operatively females had a significantly higher mean (SD) total ODI [59(3)] than males [51(2)] (P = 0.030). Females were more disabled in walking, sex life, social life and travelling items of the ODI compared to males (Table 2 ). In both sexes disability was lowest in sleeping and personal care. In males disability was highest in pain and lifting, and in females in pain, lifting, standing, social life and travelling. According to the WHO's ICF classification the ODI captured all three components of disability: two items in impairments (B), five items in activity limitations (A) and three in participation restrictions (P) ( Table 2) .
The total ODI decreased by 38 (95% CI -44 to -31) in females and by 34 (-39 to -30) in males (P < 0.001). Most of the improvement (88% in females and 80% in males) occurred during the first 6 weeks. In females the changes in all items were minor and in males only the change in lifting item from 6 weeks to 1 year was statistically significant (P = 0.002) (Fig. 1) . At the 1-year follow-up the mean (SD) ODI of females [22(3) ] did not differ from that of males [16(2) ]. In males the changes were greatest in pain, social life and travelling and in females in walking, social life and travelling. The change in the total ODI was associated with the change in back pain (r = 0.55; 95% CI 0.39 to 0.68) and in leg pain (r = 0.69; 95% CI 0.58 to 0.78).
Internal consistency value of ODI was 0.88 (95% CI 0.82 to 0.91). Item analysis of the ODI showed that all the items had a high corrected item correlation except pain, which had a low correlation (Fig. 2) .
Discussion
Disability as defined in this study comprises three components, impairments, activity limitations and [22, 24] . Further, the interpretation of these measures is generally based on overall scales rather than individual items. The impact of lumbar disc herniation on the individual is commonly assessed using the ODI. At the item level the ODI captures all three components of disability, which supports its future use as an outcome measure. In our study the internal consistency of ODI was good. However, the corrected item correlation for ''pain intensity'' was clearly lower than that for the other items indicating that this particular item was less strongly related to the other component items of the ODI. The ''pain intensity'' question, which collects data on the use of painkillers in version 1.0 of the ODI, is clinically very important. However, as all the other items concern pain-related disability, the item on painkillers clearly does not measure the pain in the same way as the other items. The use of ODI version 2.0 might remove this problem [20] since in that version this particular question has been modified to measure pain intensity, not the use of painkillers.
The relative importance of the different items for any given patient is difficult to estimate and most likely is dependent upon the patient's sociodemographic characteristics (e.g. age, family and work status, habitual activity), main symptoms (pain, functional disability) as well as the treatments administered [4] . It is also difficult to answer the question of what constitutes an important change. Ostelo and de Vet [19] reported recently that to be clinically important the change in pain in cases of chronic or subacute low back pain should be at least 20 mm and in acute low back pain 35 mm. No data exists on patients who have had with lumbar disc herniation surgery yet both the operation itself and the pain radiating down to leg differentiate these patients from those with other types of back pain and treatments. However, in the present sample, 17% of the patients had no back pain and 23% no leg pain at the 1-year follow-up. Further, the decreases from the pre-operative level to the 1-year follow-up of 48 mm in leg pain and 33 mm in back pain were statistically significant. In our previous survey the mean pain level in the general population aged > 30 -years was 20 (95% CI 19 to 21) mm and about 24% (n = 1,038) of the respondents reported no pain (pain score = 0) [15] . Thus, it should be remembered that reports of pain may not wholly be due to the disease in question. The participants may have other co-morbidities, and age as such also increases the prevalence of back pain [13] .
Musculoskeletal pain inhibits the motor system and thus may decrease the intensity of muscle contraction during peak pain, and even after the disappearance of the pain sensation [10] . In lumbar disc herniation pain interferes with such ADLs as mobility, dressing, sitting and standing. In our study the changes in back and leg pain correlated highly with changes in the total ODI. Females were more disabled and had higher back pain than males pre-operatively but post-surgery gender differences were not found. Dedering et al. [5] reported a significantly higher pre-operative total ODI in females [50 (14) ] than in males [36 (15) ]. In that study the values of different items were not shown, but 4 weeks post-operatively men improved significantly in eight and females in six of the ODI items. The exceptions were lifting and sitting for men and lifting, sitting, sex life and traveling for women. In our study the pain and lifting items accounted for a high proportion of the total ODI pre-operatively in both sexes. These items among all others improved significantly during the follow-up, but their relative proportion of the total ODI remained high. Our patients were instructed to perform their daily activities as normally as possible despite pain. They were informed about the ergonomics of the back when standing, sitting or lifting, and about pain coping. They were instructed to start active straight leg raising, gluteus stretching and rhythmic muscle contractions of the transversus abdominis muscle 1 week after the surgery. In addition they were instructed to gradually increase their walking distance. Unfortunately, compliance with these instructions was not monitored and their importance for action and perceived disability remains open. Before the surgery the disability was severe in 81% (ODI < 40%) and minimal (ODI > 20%) in 4% of the patients according to the grading of ODI by Fairbank et al. [8] . Eighty-three percent of the improvement in ODI occurred during the first 6 weeks post-operatively indicating that the surgery had good early success. The early post-operative outcome appeared to be a reliable indicator of the post-operative outcome at the 1-year follow-up as the changes recorded from 6 weeks to 1 year post-operatively were minor. However, 13% of the patients reported severe disability at the 1-year follow-up; hence for a substantial number of patients the operation had limited success.
Conclusion
As recovery, measured by the ODI, following lumbar disc surgery occurred to a great extent during the first 6 weeks the early post-operative outcome appeared to be a reliable indicator of the post-operative outcome at the 1-year follow-up. The ODI proved to capture a wide scale of disability in lumbar disc surgery patients, thereby supporting the future use of the index. The ''pain intensity'' question about the use of painkillers in version 1.0 of ODI did not support the item structure of the index in the present study. The use of ODI version 2.0 might remove this problem.
